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The effects of the seed size on the spike length, the number of spikelets and grains per 

spike were investigated in three varieties of winter wheat under field conditions. The 

four-replicate experiment was set up according to the split-plot method. In order to 

determine observed properties, a sample of 30 spikes was drawn in the full maturity 

stage. The analysis of variance showed significant differences in the spike length, 

number of spikelets and the number of grains per spike over years of investigation in 

the term of the following interactions: variety × seed size, year × seed size and then 

varieties × year × seed size. The established variety × year interaction was also highly 

significant. The longest spike was recorded in 2017 with the 2.8-mm seed. The number 

of spikelets per spike (21.7) established in 2017 with the 2.8-mm seed size was greater 

than with remaining seed sizes. The variety PKB-Christina with the highest number of 

grains per spike (48.1) was followed by the varieties Vizija (46.3) and Pobeda (44.8). 

Correlations between the spike length and the grain yield (r = 0.169**), the number of 

spikelets and the grain yield (r = 0.094**) and the number of grain per spike and the 

grain yield (r = 0.136**) were low and positive. The larger seed had the longer spike 

which had higher numbers of spikelets and grains per spikes. 
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INTRODUCTION1  

t is predicted that over 9.2 billion people will 

inhabit the plant Earth by 2050. Food 

requirements will permanently grow, while 

arable areas will continuously decrease. Therefore, 

the food production should be aimed at higher 

yields per unit area and more intensive breeding 

adapted to local conditions (Connor and Minguez 

2012).  

To achieve larger production per unit area, 

sciences and farmers face a great challenge in 

improving cropping practices and deriving new top 

yielding wheat genotypes (Hristov et al. 2012; 

Denčić et al. 2010). 

 Since seed and variety are the initial factors of 

the production, the role of seeds in the battle for 

high yields is of a particular importance. Therefore, 

our idea was to determine the advantages of large 
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over small seeds when new cropping practices and 

newly developed varieties were used, and also to 

establish the effects of seed sizes on the spike 

length, number of spikelets per spike and the 

number of grains per spike.(Milovanović et al. 

2011; Đekić et al. 2012; Hristov et al.2014). 

A greater number of spikelets (depending on 

genetic constitution and flowers per spikelet) per 

spike enhances the spike green area and provides 

the formation of a greater number of grain, but it 

mostly depends on the spikelets density, i.e. on the 

rachis position. The process of photosynthesis is 

performed in green parts of spikes, spikelets, awns, 

and even in grain if they are green. (Hristov et al. 

2014; Perišić 2016; Protić et al. 2018). 

It can be expected that the number of grainls 

per spike will be correlated with parameters whose 

activity decreases after entering in the period of 

drought. Thus, selection for parameters that provide 

a greater photosynthetic activity is simultaneously 

selection for a larger number of grains per spike 

(Milovanović et al. 2012; Protić et al. 2012; Terzić 

et al. 2018). 

The number of grains per spike is a spike 

productive trait that significantly affects grain yield 
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of wheat varieties (Petrović et al. 2010; Perišić 

2016).  

Wheat grain yields of 7.22 and 6.86 t/ha were 

achieved with seed sizes of 2.5 and 2.2 mm, 

respectively. Notably lower grain yields were 

obtained with smaller seed fractions (1.8, 2.0 and 

2.2 mm) (Protić et al., 2019).  

Numerous wheat varieties differ in their 

properties, including the three productive traits 

observed in the study. For this reason, the aim of 

our study was to determine the effects of seed sizes 

of three winter wheat varieties on the spike length, 

number of spikelets per spike and the number of 

grains per spike.  

MATERIALS AND METHODS 

Three varieties of winter wheat, PKB-

Christina, Pobeda and Vizija with different 

characteristics and productivity, widely grown in 

the Republic of Serbia, were included in the trial. 

The trial was set up at the Tamiš Institute in 

Pančevo (2015-2017) using a split-plot system with 

four replications and 5 different seed sizes (1.8, 2.0, 

2.2, 2.5 and 2.8 mm). The size of the main plot 

amounted to 5 m2 (1 x 5 m). The process of sowing 

was performed mechanically in mid-October. Row 

spacing was 10 cm, while seed density was 600 

grain m-2. The soil was calcareous chernozem. 

During all three years, sunflower was a preceding 

crop. Applied cropping practices are common for 

wheat cultivation in the Republic of Serbia. A 

sample of 30 spikes was drawn at the full maturity 

stage to determine the length of spike, number of 

spikelets per spike, and grain number per 

spike.            

 Obtained data were statistically processed 

using the variance analysis by the software 

MSTAT-C, Version 1, Michigan State University. 

The analysed factors are presented as the three-year 

average. 

RESULTS AND DISCUSSION  

Spike length. The spike length is one of 

important yield components. The final grain yield 

is significantly affected by changes in the tip part 

of the spike. The longest spike was determined in 

the variety Vizija (9.4 cm), then in the variety 

PKB-Christina (9.2 cm), while the shortest spike 

(8.7 cm) was established in the variety Pobeda. 

This was predominantly characteristic for 2016 

when the recorded spike lengths were shorter than 

those recorded in 2015 and 2017 (Tables 1 and 2). 

Moreover, differences in the spike lengths 

attributed to seed sizes were also highly significant. 

Hence, the shortest spike (8.4 cm) was detected in 

the 1.8-mm seeds. Spikes elongated (8.4 cm and 

9.9 cm) with the increase of seed size (2.5 and 2.8 

mm, respectively) (Tables 1 and 2).  

The variety × seed size interaction as well as 

the variety × year × seed size interaction were 

highly significant. Differences among varieties in 

certain years of investigations were not particularly 

significant (Table 1). 

Number of spikelets per spike. Similar as with 

spike length, this trait is also very important yield 

component. Therefore, grain yield will be 

significantly affected by any change in this trait. 

Gained results indicate that the greatest number of 

spikelets per spike was determined in the variety 

PKB-Christina (20.2), and then in the remaining 

two varieties (variety Pobeda - 18.5 and the variety 

Vizija - 18.3).  

In addition, differences estimated in the 

number of spikelets per spike over seed sizes were 

highly significant.  This number tended to grow 

and ranged from 20.3 to 20.9 in 2.5-mm and 2.8-

mm seeds, respectively (Tables 3 and 4).  

Interactions determined between studied 

varieties and the seed sizes were highly significant. 

Moreover, interactions established between 

varieties and years in which trials were carried out 

were highly significant too. On the other hand, 

differences among varieties over years of 

investigation and varieties in certain years and 

studied seed size were not significant (Table 3).  

Number of grain per spike. The number of 

grain per spike as another important yield 

component significantly affects grain yield of 

wheat. The greatest number of grain per spike was 

determined in the variety PKB-Christina (48.1), 

and then in Vizija (46.3) and Pobeda (44.8). 

According to the analysis of variance a difference 

among years in which trials were performed was 

very significant (Table 6). 

This was also attributed to the year of 2016 

when the number of grains per spike was lower 

than in remaining two years of investigation. 

Moreover, fungal diseases of vegetative organs,  

Table 1. Analysis of variance of the spike length in the 

case of different wheat varieties with different seed 

sizes 

Source of 

variation 

Degrees of 

freedom 

Mean 

squares 

Repetition  3 0.536 

Variety (V) 2 9.242** 

Error 6 0.122 

Year (Y) 2 16.020** 

V×Y 4 0.327 

Treatment (T) 4 3.880** 

V×T 8 2.066** 

YxT 8 1.970** 

V×Y×T 16 1.150** 

Error 126 0.209 

Total 179  

  **P≤ 1% 
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especially of spikes, were severe in 2016 (Tables 5 

and 6). 

Our results show highly significant differences 

in the number of grains per spike over seed sizes: 

39.5, 43.0, 49.5 and 51.1 in seeds of the following 

sizes: 2.0 mm, 2.2 mm, 2.5 mm, and 2.8 mm, 

respectively (Tables 5 and 6).  

The variety × year interaction was significant 

(P<0.05), while interactions year × seed size, 

variety × seed size and variety × year × seed size 

were highly significant (P<0.05) (Table 5). 

The correlation between the grain yield and 

spike productive traits. The findings indicate a 

positive low correlation between the spike length 

and the grain yield which was significant at the 

level of 1% (r = 0.169**) A regression equation 

shows how property (dependent variable) changes, 

if the variable is altered for one unit. In that way, a 

regression equation with two variables – the spike 

length and grain yield was assigned, which was 

highly significant at the level of 5% and 1%. This 

equation was in the form of a linear regression line 

(Figure 1). 

A correlation detected between the number of 

spikelet and the grain yield was positive low and 

significant at the level of 5% and 1% (r = 0.094**). 

In that way, the regression equation with two 

variables –spikelet number and grain yield was 

made which was highly significant at the level of 

5% and 1%. This equation was in the form of a 

linear regression line (Figure 2). 

The authors detected a positive low correlation 

between the number of grain per spike and the 

grain yield, significant at the level of 5% and 1% (r 

= 0.136**). Thus, the authors made a regression 

equation with two variables – number of grain per 

spike and grain yield, which was highly significant 

at the level of 5% and 1%. This equation was in the 

form of a linear regression line (Figure 3).  

Table 2. The spike length in the case of different wheat varieties with different seed size 

Year  Seed size, mm  Variety (V)    

(Y) (T) PKB-Christina Pobeda Vizija YT Y 

 1.8 7.7 7.6 9.1 8.1  

 2.0 8.5 7.9 9.2 8.5  

2015 2.2 9.5 7.9 9.3 8.9 8.9 

 2.5 9.6 9.2 9.3 9.4  

 2.8 10.2 9.3 9.9 9.8  

 YV 9.1 8.4 9.4   

 1.8 7.7 7.6 8.4 7.9  

 2.0 7.8 7.7 8.7 8.1  

2016 2.2 8.3 8.0 8.8 8.4 8.7 

 2.5 9.4 9.2 9.3 9.3  

 2.8 10.2 9.3 9.9 9.8  

 YV 8.7 8.4 9.0   

 1.8 9.4 9.1 9.3 9.3  

 2.0 9.5 9.2 9.9 9.5  

2017 2.2 9.6 9.2 10.0 9.6 9.6 

 2.5 9.9 9.3 10.1 9.8  

 2.8 10.2 9.7 10.2 10.0  

 VY 9.7 9.3 9.9 T  

 1.8 8.3 8.1 8.9 8.4  

 2.0 8.6 8.3 9.3 8.7  

TV 2.2 9.1 8.4 9.4 9.0 9.1 

 2.5 9.6 9.2 9.6 9.5  

 2.8 10.2 9.4 10.0 9.9  

 V 9.2 8.7 9.4   

Level of significance 

 V Y T VY VT YT VYT 

        

LSD 5% 0.16 0.17 0.21 / 0.37 0.37 0.64 

         1% 0.24 0.22 0.28 / 0.49 0.49 0.85 

        

 

x x

x

x

x

x

x x
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Once the number of spikelets and the number 

of grains per spike are formed in the vegetative 

stage, the yield is primarily evaluated by the grain 

weight per spike (Zafaranaderi et al. 2013; Protić et 

al. 2012). 

The variety Pobeda expressed a better 

response under favourable breeding conditions, 

while the average was higher than the total average. 

It seems that the variety NSR-5 is better adapted to 

less favourable conditions with the average at the 

overall mean level (Petrović et al. 2009). 

The average number of grains per spike 

formed in different varieties ranged from 34.5 to 

38.2, while the spike length varied from 7.6 to 8.2 

cm (Kondić et al. 2017). 

The results of long-term studies performed in 

this study point out that the spike length, number of 

grain per spike and grain weight per spike varied 

from 8.1 to 9.1 cm, 39.0 to 41.4 and from 2.25 to 

2.29 g, respectively,. The variety × year interaction 

was highly significant (Protić et al.  2018;  Protić et 

al. 2013; Protić et al. 2013;  Protić et al. 2012; 

Zečević et al. 2010). 

Terzić et al. 2018 established a significantly 

positive correlation between grain yield and grain 

weight per spike, the number of grains per spike 

and the number of plants per m2, as well as 

between the 1000-grain weight and the number of 

grains per spike and the kernel weight per spike. 

The wheat grain yield is determined by 

components such as the number of spikes per m2, 

number of grains per spike, grain weight per spike 

and the 1000-grain weight. Interactions between 

these parameters are complex. Therefore if one 

parameter is increased some other can decrease 

(Laghari et al. 2011; Perišić et al. 2011; 

Dimitrijević at al. 2011; Hristov et al. 2012; 

Table 3. Analysis of variance of the number of spikelets 

per spike in the case of different wheat varieties with 

different seed sizes 

Source of variation Degrees of 

freedom 

Mean 

squares 

Repetition  3 0.524 

Variety (V) 2 67.072** 

Error 6 0.457 

Year (Y) 2 130.139** 

V×Y 4 0.931 

Treatment(T) 4 48.533** 

V×T 8 3.850** 

YxT 8 22.625** 

V×Y×T 16 0.948** 

Error 126 0.646 

Total 179  

**P≤ 1% 

Table 4. The number of spikelets per spike in the case of different wheat varieties with different seed sizes 

Year  Seed size, mm  Variety (V)    

(Y) (T) PKB-Christina Pobeda Vizija YT Y 

 1.8 17.3 16.0 16.7 16.7  

 2.0 17.7 16.0 16.7 16.8  

2015. 2.2 18.3 17.0 17.0 17.4 18.3 

 2.5 21.0 19.7 19.0 19.9  

 2.8 22.7 19.7 19.3 20.6  

 YV 19.4 17.7 17.7   

 1.8 16.3 16.0 15.7 16.0  

 2.0 17.7 16.3 16.0 16.7  

2016. 2.2 18.0 16.3 16.7 17.0 18.0 

 2.5 21.0 19.7 19.0 19.9  

 2.8 22.7 19.7 19.3 20.6  

 YV 19.1 17.6 17.3   

 1.8 21.0 19.7 19.0 19.9  

 2.0 22.0 19.7 19.3 20.3  

2017. 2.2 22.0 20.0 19.3 20.4 20.7 

 2.5 22.7 20.3 20.3 21.1  

 2.8 22.7 21.7 20.7 21.7  

 VY 22.1 20.3 19.7 T  

 1.8 18.2 17.2 17.1 17.5  

 2.0 19.1 17.3 17.3 17.9  

TV 2.2 19.4 17.8 17.7 18.3 19.0 

 2.5 21.6 19.9 19.4 20.3  

 2.8 22.7 20.4 19.8 20.9  

 V 20.2 18.5 18.3   

Level of significance 

 V Y T VY VT YT VYT 

LSD 5% 0.30 0.29 0.38 / 0.65 0.86 0.92 

         1% 0.46 0.38 0.50 / 0.86 0.94 0.99 

 

x x

x

x

x

x

x x
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Milovanović et al. 2012; Đekić et al. 2012; Hassan 

et al. 2013; Mohamed et al. 2013; Hagos and Abay 

2013; Đekić et al. 2013) . 

 

The location was always the most important 

source of variance for the grain weight - 53.5 % in 

small seed fraction and 73.5 % in large seed 

fraction. The genotype × location interaction was 

lower in the small seed fraction than genotypic 

variance, except in the large seed fraction that was 

somewhat higher. Genotypic variance is more 

expressed in small seeds than in large (Protić et al. 

2010). 

CONCLUSIONS 

The analysis of variance pointed out to very 

significant differences in observed yield 

components (spike length, number of spikelets and 

number of grain). A variety × year interaction for 

the number of grains per spike was significant. The 

longest wheat spike (9.6 cm) was recorded in 2017. 

This value was significantly larger than values 

recorded in 2015 and 2016. The spike length of the 

varieties Vizija and PKB-Christina was greater than 

this length in the variety Pobeda. The longest wheat 

spikes of 9.9 cm and 9.5 cm were recorded in 2.8-

mm and 2.5-mm seeds, respectively. The highest 

number of spikelets per spike of 20.7 was recorded 

in 2017 and was very significantly higher than this 

number recorded in 2015 and 2016. The highest 

number of spikelets per spike of 20.9 and 20.3 was 

detected in 2.8-mm and 2.5-mm seeds, 

respectively. The highest number of spikelets per 

spike of 21.7 was recorded in 2.8-mm seeds in 

2017. The highest number of grains per spike was 

registered in the variety PKB-Christina (48.1), then 

in Vizija (46.3), while this number was the lowest 

in the variety Pobeda (44.8). The number of grains 

per spike in 2016 was smaller than in remaining 

two years of investigation. This number amounted 

to 39.5, 43.0, 44.8, 49.5 and 51.1 in 1.8-mm, 2.0-

mm, 2.2-mm, 2.5-mm and 2.8-mm seeds, 

respectively. Detected correlations between the 

Table 6. The number of kernels per spike in the case of different wheat varieties with different seed sizes 

Year  Seed size, mm  Variety (V)    

(Y) (T) PKB-Christina Pobeda Vizija YT Y 

 1.8 39.3 35.0 40.3 38.2  

 2.0 42.7 37.7 42.7 41.0  

2015. 2.2 44.9 42.7 43.3 43.6 44.8 

 2.5 48.2 46.3 47.3 47.3  

 2.8 52.0 55.7 53.3 53.7  

 YV 45.4 43.5 45.4   

 1.8 35.0 35.3 34.7 35.0  

 2.0 37.7 40.7 36.7 38.4  

2016. 2.2 42.3 41.7 37.0 40.3 43.3 

 2.5 52.0 46.3 47.3 48.5  

 2.8 54.0 55.7 53.3 54.3  

 YV 44.2 43.9 41.8   

 1.8 51.0 37.3 47.3 45.2  

 2.0 52.0 45.7 51.0 49.6  

2017. 2.2 54.0 46.3 51.3 50.5 51.0 

 2.5 55.3 49.3 53.3 52.6  

 2.8 61.0 55.7 55.0 57.2  

 VY 54.7 46.9 51.6 T  

 1.8 41.8 35.9 40.8 39.5  

 2.0 44.1 41.4 43.5 43.0  

TV 2.2 47.1 43.6 43.9 44.8 46.4 

 2.5 51.8 47.3 49.3 49.5  

 2.8 55.7 55.7 53.9 55.1  

 V 48.1 44.8 46.3   

Level of significance 

 V Y T VY VT YT VYT 

LSD 5% 1.32 1.88 2.43 3.26 4.21 4.21 7.29 

         1% 1.49 2.49 3.21 4.31 5.56 5.56 9.63 
 

Table 5. Analysis of variance of the number of kernels 

per spike in the case of different wheat varieties with 

different seed sizes 

Source of variation Degrees of 

freedom 

Mean 

squares 

Repetition  3 56.035 

Variety (V) 2 234.939** 

Error 6 39.924 

Year (Y) 2 955.356** 

V×Y 4 88.397* 

Treatment(T) 4 722.228** 

V×T 8 120.036** 

YxT 8 181.536** 

V×Y×T 16 74.713** 

Error 126 27.124 

Total 179  

**P≤ 1% 

x x

x

x

x

x

x x
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spike length and the grain yield (r = 0.169**). A 

positive low correlation detected between the 

number of spikelet and the grain yield was 

significant at the level of 1% (r = 0.094**). The 

authors detected a positive low correlation between 

the number of grain per spike and the grain yield, 

significant at the level of  1% (r = 0.136**). 
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